The effects of an excess intake of leucine, for a short period (3 to 4 weeks) and a long period (12 weeks), on growth and excretion of tryptophan and niacin metabolites in rats were studied. Excess intake of leucine (4 or 5%) for a short period did not affect increase in body weight or organ weight (liver, kidney and heart) compared with those of rats fed the control diet. Excess intake of leucine for a long period resulted in a decrease in body weight, and an increase in the relative weight of the liver and kidney. Urinary excretions of N1 methyl nicotinamide (N-MNA), N1-methyl-2-pyridone-5-carboxamide (2 Py), niacin, quinolinic acid and 5-hydroxyindole acetic acid did not differ in rats fed an excess-leucine diet and rats fed a control diet. In niacin deficiency, the excretions of N-MNA, 2-Py and NiA decreased. Excess leucine intake increased the plasma levels of leucine and alanine and decreased those of valine, isoleucine, tryptophan and cystine. Excess leucine intake decreased the levels of valine, isoleucine, methionine and leucine in the liver, but these changes were not observed in niacin deficient rats. Changes in the levels of nicotinamide mononucleotide (NMN), nicotinamide adenine dinucleotide (NAD), nicotinamide adenine dinucleotide phosphate (NADP) in erythrocytes, suggested to occur in pellagra, were not observed. These findings do not support the idea that an excess intake of leucine results in changes in metabolism similar to those observed in pellagra.
protein diet with pure L-leucine brought about significant alteration in niacintryp tophan metabolism. They conducted many studies on the effects of pellagra and excess intake of leucine on tryptophan and niacin metabolism , and reported significant increases in urinary excretions of quinolinic acid and N1 methylnicotinamide (N-MNA) and decreases in the excretion of 5-hydroxyindole acetic acid and N1-methyl-2-pyridone-5-carboxamide (2-Py) in these conditions .
Gopalan (3) reported that excess intake of leucine induces the same biochemical effects as pellagrins in humans and other animals , and they suggested that amino acid imbalance due to excess intake of leucine was a possible factor in development of pellagra. On the other hand, Truswell et al . (4) found that excretion of N-MNA was not increased by supplementation of the diet with leucine . These results do not support idea that excess leucine intake produces the changes observed in pellagra. Nakagawa et al . (5, 6) could not confirmed the findings of Gopalan et al. Tannous et al. (7, 8) reported that an excess intake of L-leucine retarded the growth of rats fed on a low protein diet . They found that the growth retardation caused by a diet containing 5% leucine was completely overcome by addition of 0.5% isoleucine to the diet, and that a decrease in the plasma valine and isoleucine concentrations resulting from excess intake of leucine was completely overcome by supplementing the diet with small amounts of isoleucine and valine. Vitamin B6 acts as a coenzyme to many transaminases in catalysis of numerous biochemical reactions, including those related to protein metabolism and the metabolic conversion of tryptophan to niacin. In 1968, Srikantia and Gopalan (9, 10) reported that the synthesis of nicotinamide nucleotides from nicotinic acid by erythrocytes was decreased in pellagra as it was in normal individuals receiving a large amount of leucine.
On the basis of these observations we investigated six problems; the effects of 1) excess leucine intake, 2) valine or isoleucine deficiency, 3) excess leucine intake plus vitamin B6 deficiency, and 4) excess leucine intake without addition of valine or isoleucine, or of both, on tryptophan and niacin metabolism; 5) the effect of excess leucine intake on the pattern of nicotinamide nucleotides in erythrocytes , and 6) the effect of excess leucine intake over a long period.
The design of the experiments is shown in Table 1 . The objects of these experiments were to clarify the effects of excess leucine with a low protein diet with and without vitamin B6 on the excretion of tryptophan and niacin metabolites, on growth and organ weight, on the pattern of nicotinamide nucleotides in the erythrocytes and plasma and on the pattern of amino acids in the liver of rats. At the same time we examined the effects of valine and isoleucine-and niacin deficiency and excess intake of leucine with and without addition of valine and/or isoleucine.
CESS LEUCINE. TRYPTOPHAN AND NIACIN 143 Table 1 . Experimental design and amount of daily intake of the experimental diets (g). Six experiments were carried out as shown in Table 1 . Female rats of the Donryu strain were used in all experiments. The animals were housed in individual cages with tap water provided ad libitum from inverted bottles. The composition of the diet is shown in Table 2 . A purified amino acid mixture with the composition shown in Table 2 was used as the source of dietary protein. A constant nitrogen level was maintained by changing the amount of nonessential amino acids. Semi pairfeeding was carried out throughout the experiments. The group consuming the least food was determined and other groups were given 1 or 2g more than the amount consumed by that group.
Urine samples were collected for 3-day periods at the end of the control period and at the beginning, in the middle and at the end of the experimental period .
Animals were weighed once a week, and their food consumption was determined. After urine samples had been collected, the animals were killed and their liver, heart and kidneys were weighed.
Urine samples were collected under toluene in bottles containing sulphuric acid. The samples were usually diluted to 100ml with distilled water and then frozen until the time of analysis. Determinations were made of the 24-hr urinary excretions of total nitrogen, creatinine (11) , N-MNA (12), 2-Py (13), nicotinic acid (14) , quinolinic acid (15) and 5-hydroxyindole acetic acid (16) . Nitrogen in the urine was determined by the micro-Kjeldahl method. Creatinine determinations indicated the completness of urine collection.
In experiment 5, rats were fed the control diet for 10 days , and then 8 rats (one rat per litter) were killed, and blood was taken from all rats for determinations of total nicotinamide nucleotides, nicotinamide adenine dinucleotide (NAD) , nicotin amide adenine dinucleotide phosphate (NADP) and nicotinamide mononuc leotide (NMN) in erythrocytes. Nicotinamide nucleotide concentrations were determined by the method of Levitas et al. (17) .
In experiment 6, plasma and liver aminograms were made with an automatic amino acid analyzer. The duration of the control period was 14 days in experiments 1-3, 12 days in experiment 4, 10 days in experiment 5 and 21 days in experiment 6 . The duration of the experimental period was 4 weeks in experiments 1-3 , 3 weeks in experiments 4, 5, and 12 weeks in experiment 6. The control diet contained an amino acid mixture corresponding to 9% casein. Leucine was added at a level of 4% in the diet, in experiments 1-4 and 5% in experiments 5 and 6. RESULTS Experiment 1. Rats were fed the control diet, the excess-leucine diet and the valine-deficient diet for 4 weeks. Compared with the growth of rats fed the control diet, growth of rats fed an excess-leucine diet was not retarded , but that of rats fed a valine-deficient diet was retarded ( Composition of amino acid mixture excess-leucine diet and control diet were similar, but that of rats fed a valine deficient diet was less toward the end of the experimental period ( Table 1 ). The N-balance of rats on a valine-deficient diet became negative and their urinary creatinine excretion decreased, but rats fed a control diet or excess-leucine diet maintained a positive N-balance throughout the experiment. The ratios of the weights of heart, liver and kidneys to the body weight were similar in the excess leucine group and control group, but the ratio of the kidney weight to the body weight changed significantly in rats fed a valine-deficient diet (Table 3 ). The urinary excretions of tryptophan and niacin metabolites are shown in Table 4 . The 24-hr urinary excretions of N-MNA, 2-Py, NiA and quinolinic acid by rats fed an excess-leucine diet were similar to those by rats fed the control diet, but the excretions of N-MNA and 2-Py tended to increase in valine deficiency. In addition, the excretion of 5-hydroxyindole acetic acid decreased in rats fed an excess-leucine or valine-deficient diet. Experiment 2. Rats were fed the control diet, leucine-excess, B6-deficient diet and isoleucine-deficient diet for 4 weeks. The growth of animals in the three groups were similar (Table 3) . Vitamin B6 deficiency with an excess intake of leucine did not significantly affect increase in body weight. The food intakes and nitrogen balances of the three group, were also similar, irrespective of the presence or absence of vitamin B6. Excess leucine intake did not affect the weight of the liver, heart or kidney nor their ratios to body weight, irrespective of the presence or absence of vitamin B6 or isoleucine deficiency ( Table 3 ). The excretions of N-MN A, 2-Py, quinolinic acid and 5-hydroxyindole acetic acid in the three groups were similar (Table 5) .
Experiment 3. Rats were fed the control diet, leucine-excess, B6 and isoleucine-deficient diet for 4 weeks. Growth in body weight was the same in the three groups (Table 3 ). All 3 groups maintained a positive nitrogen balance throughout the experiment, and the various diets did not have significant effects on weights of individual organs ( Table 3 ). The excretions of N-MNA, 2-Py, NiA, quinolinic acid and 5-hydroxyindole acetic acid did not significantly differ in the three groups throughout the experiment, even though the excretion of 5 hydroxyindole acetic acid tended to decrease during the experiment, except for that of quinolinic acid in rats fed the control diet. Thus, the deficiency of vitamin B6 did not exaggerate the effect of excess intake of leucine (Table 6) . Experiment 4. Rats were fed the control diet, excess-leucine diet, and excess leucine diet deficient in valine or isoleucine or both for 3 weeks. Excess leucine intake did not retard growth, but deficiency of valine or isoleucine did cause growth retardation (Table 3) . Food intake by the group on an excess-leucine diet was similar to that of controls, but the intakes by the other groups were lower. All five experimental groups showed a negative nitrogen balance during the experimental period. The organ weights of rats fed an excess-leucine diet did not differ from those of controls, but deficiency of valine, or isoleucine or both had marked effects on the organ weights ( Table 3 ). The excretions of N-MNA, 2-Py, NiA, 5-hydroxyindole acetic acid and quinolinic acid in the excess-leucine and control groups were not significantly different (Table 7) . Experiment 5. Rats were fed the control diet, excess-leucine diet, valine deficient diet or excess-leucine and valine-deficient diet for 3 weeks. Groups fed a valine-deficient diet showed retarded growth. Excess leucine had no effect on growth (Table 3) . Nitrogen balance was negative in all groups throughout the experiment, perhaps owing to restriction of diet intake. The weights of individual organs were not affected by excess leucine, but the weights of the liver and kidney were significantly increased by valine deficiency (Table 3) . Excretion of N-MNA was less in the excess-leucine group than in the control group. The excretions of 2 Py, NiA, quinolinic acid and 5-hydroxyindole acetic acid did not show any significant change, but this may be because values showed great individual variation (Table 8) . Fractionation of nicotinamide nucleotides in erythrocytes and hematocrit of rats in experiment 5 are shown in Table 9 . There was no significant difference between hematocrit values in rats on control and excess-leucine diets.
The total nicotinamide nucleotide concentration, the levels of NAD and NADP and the ratio of NAD to NADP in rats fed an excess-leucine diet were slightly, but not significantly, higher than those of rats on the control diet. Valine deficiency decreased the hematocrit and increased the levels of total nicotinamide nucleotides and NAD and NADP. The ratio of NAD to NADP was significantly higher in the excess-leucine and valine-deficient groups than the control group. No NMN was detected in any group. Experiment 6. Rats were fed the control diet, excess-leucine diet with or without B6 deficiency and control diet with niacin deficiency for 12 weeks. Excess leucine or excess-leucine and vitamin B6-deficient diet for a long period, retarded growth significantly (Table 3) . Nitrogen balance was maintained positive in all groups throughout the experiment. Excess leucine with or without B6 deficiency resulted in a significant increase in liver and kidney weight per body weight (Table  3) . Excretion of N-MNA decreased significantly in niacin deficiency, even though individual values showed great scatter. Excretion of 2-Py tended to decrease in all test groups, and the decrease was significant in the niacin-deficient group. Urinary NiA decreased as a matter of course in the niacin-deficient group. There was no significant difference in the excretions of quinolinic acid in the different groups. During the experiment, excretion of 5-hydroxyindole acetic acid decreased in the control, niacin-deficient and vitamin B6-deficient groups, but increased in the excess-leucine group (Table 10 ). The levels of plasma leucine, tyrosine, alanine and lysine increased but the levels of tryptophan, cysteine, valine and isoleucine decreased in the excess-leucine groups with or without vitamin B6 (Fig. 1) . The levels of valine, isoleucine, methionine and leucine in the liver decreased in the group on an excess-leucine diet with or without B6 deficiency, but not in the other groups (Fig. 2) Fig. 2 . Liver amino acid levels (mg/g liver).
DISCUSSION
Spolter and Harper (18) reported that a low protein diet with excessive leucine (5%) reduced the body weight of rats, but in the present short-term experiments (3 to 4 weeks), excess leucine intake with or without vitamin B6 deficiency did not affect growth, although valine deficiency decreased body weight gain. In the experiment of long duration (12 weeks), excess leucine intake reduced growth. There was no difference between the excretion of tryptophan and niacin metabolites in rats on the control diet and excess-leucine diet. Moreover, excess leucine intake did not affect urinary excretion of N-MAA, although individual values were so scattered that no conclusions could be drawn from the results.
The excretions of 2-Py and NiA in rats fed an excess-leucine diet did not differ from those of rats fed the control diet in any of the experiments. Urinary N MNA, 2-Py and NiA decreased in niacin deficiency. The ratio of N MNA to 2-Py in the urine, which ranged from 1.28 to 1.59 during the control period (19) , was also unaffected by excess-leucine diet, but decreased in rats on the niacin-deficient diet. Contrary to the findings of Gopalan et at. excess intake of leucine did not increase urinary quinolinic acid, although individual results showed great scatter. Excretion of 5-hydroxyindole acetic acid seemed to decrease in all groups, but it was not decreased significantly by excess leucine intake.
The plasma leucine level increased and the plasma valine and isoleucine levels decreased in rats on an excess-leucine diet as reported by others (20) . Truswell et at. (21) found that the ratio of Trp/Val+Leu+Ile+Tyr was low in children with pellagra. In the present experiments the ratio was lower in excess-leucine groups with or without vitamin B6 deficiency in the control group and niacin deficient group (Table 11) . Further work is required to determine whether those ratios can be used as an indicator of pellagra.
Srikantia et at. (10) reported that the erythrocytes of cases of pellagra had significantly higher NMN contents than those of normal subjects, while their levels of NAD and NADP tended to be lower than normal. However, this was not confirmed in the present work. In valine deficiency, total nicotinamide nucleotides, NAD and NADP in erythrocytes tended to increase.
The relative weights of individual organs in rats on an excess-leucine diet were not significantly different from those of rats fed on other diets in any of the experiments of short duration, but in the experiment of long duration (Exp. 6) the weights of the liver and kidney per body weight increased in rats on an excess leucine diet. The nitrogen balance remained positive in all groups (Exp. 2, 3 and 6), except the valine-deficient group (Exp. 4 and 5). Recently, Manson et at. (22, 23) reported that a high level of dietary leucine did not cause niacin deficiency in chick or rats, and that the time at which control dogs developed pellagra on deprivation of niacin and responded to injections of the vitamin were not significantly different from those of dogs receiving excess leucine.
An excess intake of leucine diet did not seem to be related to the incidence of pellagra, so far as the urinary excretions and alterations in the blood of tryptophan and niacin metabolites are concerned. 
